to a report from the Intergovernmental Panel on Climate Change (IPCC), the consumption of fossil fuels is the main reason for the rapid increase in CO 2 emissions. To address this problem, the Chinese government is determined to set a goal to address these energy issues, which requires the intensity of carbon emissions to decrease by 40-50% by 2020, compared to the amount released in 2005. The adjustment of the energy consumption structure has a direct influence on carbon emissions. Therefore, research regarding the relationship between energy consumption structure and carbon emissions is significant.
No matter what type of energy we use, meeting the needs of energy consumption is essential. However, there is a great difference in the amount of carbon emissions when using different types of energy to provide the same amount of energy. Moreover, the energy's form, use method, and use field will also affect the carbon emissions of energy. Hence, improving the energy consumption structure will significantly reduce carbon emissions. In recent years, secondary industry has developed at a rapid pace in China. For example, coal, as a fundamental source of energy, has been consumed at alarming amounts, which has caused a high amount of carbon emissions and a rapid deterioration of the environment. Therefore, by producing a lower amount of carbon emissions, the environment in China will be better through improving the energy consumption structure, reducing coal consumption, and decreasing the proportion of coal to total energy consumption.
Given the considerable differences in economic and social development across different regions, China's CO 2 emissions and energy consumption structure also have different characteristics across provinces 1 . As shown in Fig. 1 , in both 1996 and 2015 (the beginning and ending years of our sample period), the per capita CO 2 emissions were relatively higher in the northern and northwestern provinces such as Shanxi, Hebei, Inner Mongolia, Ningxia, and Shanxi, where the ratios of coal consumption in energy mix were also higher. As such, it could be seen intuitively that China's energy consumption structure might be highly correlated with CO 2 emissions per capita.
According to different studies, the existing research can be divided into five categories. The first category discusses the impact factors of carbon emissions, where [1] broke down the impact factors of carbon emissions 1 Currently China has 23 provinces, 4 centrally administered municipalities, and 5 autonomous regions. Because these entities are administratively equal, in this study "province" is utilized to refer to the province-level administrative entity. Tibet and Taiwan are excluded from the dataset due to lack of data. in China from 1957 to 2000, based on the logarithmic mean divisia index method; [2] [3] used the STIRPAT model to further analyze the impact factors; [2] argued that economic growth has had the most significant impact on carbon emission; [3] used this model to analyze the factors that influence carbon emissions in the process of the new-type urbanization in Henan; [4] used Malmquist's index analysis method in a paper and found that the technological progress is the main reason for the increase of carbon emissions; and [5] provided panel data analysis regarding the influencing factors of carbon emissions in eastern, central, and western China, respectively .
The second category discusses the relationship between energy consumption and carbon emissions. For instance, [6] [7] [8] [9] analyzed the connection between energy consumption, carbon emissions, and the economic aspect and concluded that covariance existed among them; [6] discussed conditions in China and came up with some suggestions regarding a new formulation of a relevant policy; [7] used the panel data method in the study; [8] simply discussed the connection in Liaoning Province; Omri researched the relationship in MENA countries, and the evidence was provided from simultaneous equation models [9] ; [10] analyzed the data of energy consumption and carbon emissions from 2000 to 2011 in Shaanxi Province using the LMDI energy-forecasting model; and [11] analyzed the impacts of Industrial energy efficiency with CO 2 emissions using data envelopment analysis (DEA).
The third category discusses the relationship between the energy consumption structure and energy intensity: [12] also discussed this issue between 1973 and 1990 in a world that had a complete decomposition model; [13] demonstrated that the improvement of energy consumption structure reduced energy intensity in China in the 1990s; and [14] researched the data between 1980 and 2006 in China and suggested decreasing the proportion of fossil fuel in energy and increasing the efficiency of energy.
The fourth category is about the relationship between energy consumption structure and the intensity of carbon emissions (measured by the ratio of carbon emissions and GDP): [15] applied econometrics methods to analyze this issue; [16] predicted the energy consumption structure for the future and provided valuable suggestions on achieving the target in the 12th Five-Year Plan based on their conclusion; and [17] used extended Kaya identity to analyze the connection during 1995 and 2010 in China.
The fifth category discusses the energy consumption structure and carbon emissions: [18] discussed the relationship between Mexico's household energy consumption structure and carbon emissions from 1996 to 2006, moreover arguing that higher gas appliance efficiency and the reduction of electricity emission factor could lead to a decrease of carbon emissions; [19] argued this issue in China based on the CGE model; and [20] analyzed the situation of 30 provinces in China between 2000 and 2011 through the SBM model, and provided valuable advice to the government. At present, a small amount of research has been done regarding the relationship between the energy consumption structure and carbon emissions and therefore this is the overall object of this paper.
Given the extent of literature, current research of carbon emissions has mainly focused on five aspects: 1) research on impact factors of carbon emissions, 2) the relationship between energy consumption and carbon emissions, 3) the relationship between the energy consumption structure and energy intensity, 4) the relationship between energy consumption structure and carbon emissions intensity, and 5) the relationship between energy consumption structure and carbon emissions [10, 14, 16, 20] . There are very few studies on the relationship between energy consumption structure and carbon emissions. Therefore, the main contributions of this paper are as follows. First, this paper is an empirical study that discusses the data of energy consumption and carbon emissions in 30 provinces in China from 1996 to 2015 based on the translog production function. Moreover, this paper provides the answer to input-output elasticity and alternative elasticity among coal, oil, and natural gas, and the relationship between the energy consumption structure and carbon emissions. Furthermore, this paper uses the GMM method, which can solve the endogeneity between variables. This paper provides a relevant basis regarding the solution of improving the energy consumption structure, which is a significant reference.
Material and Methods

Data
Energy consumption in China experienced a sharp increase from 127,175 million tons of standard coal in 1996 to 377,632 million tons of standard coal in 2015 -an approximately threefold increase. Moreover, coal, oil, and natural gas accounted for 72.5%, 20.9%, and 6.6%, respectively. As shown in Fig. 2 , coal consumption showed an upward trend, while it dropped slightly after 2013; oil consumption remained stable, and natural gas consumption steadily increased. Here is the formula in "Guidelines for the calculation of carbon emissions":
…where CO 2 is total carbon emission; CO 2j is the carbon emission where the amount of energy consumed is j; and E j , C j , N j , and F j are the amount of j energy consumption, carbon content, conversion of standard coal coefficient, and carbon oxidation factor. The data of N j and F j are taken following IPCC's (2006) guidelines, while the data for different types of energy are collected from the China energy statistical yearbook (various years). Then the estimated CO 2 emissions are divided by population to obtain per capita CO 2 emissions. Fig. 3 shows the time series of CO 2 emissions per capita and the corresponding annual growth rates from 1996 to 2015. As shown clearly in Fig. 3 , during the past two decades the growth rates of per capita CO 2 emissions at first increased and then gradually decreased after the peak growth rate was reached in approximately 2003. In recent years, particularly as China's economy entered a 'new normal' with lower economic growth rate, the impetus of growth in CO 2 emissions per capita also slowed. This intuitive observation is consistent with recent studies that found a causal relationship between China's economic development and CO 2 emissions (e.g., [21] [22] ).
Estimation Method
Different types of fossil energy could contribute to CO 2 emissions in different ways; therefore, to replace one type of fossil energy with another may change the amount of CO 2 emissions. To capture a possible change in CO 2 emissions through the substitutions of different types of energy, the translog production function is utilized as the theoretical framework of this study. The translog production function was originally developed by [23] , then it quickly become a powerful tool to analyze a firms' production structure. As summarized by [24] , the biggest advantage of the translog production function is its simplicity as no priori restrictions on the substitution elasticities or returns to scale are needed.
According to the translog production function, this paper is built around the fundamental model of carbon emissions and energy consumption with non-factors. The previous results often had an impact on the latter period due to the strong inertia of carbon emissions. Therefore, the benchmark regression equation utilized in the empirical study is as follows:
…where i is the region sectional unit, i = 1,2...30; t is time; E is carbon emissions per capita; C, O, and G stand for coal, oil, and natural gas consumption, respectively; γ and α are coefficients to be estimated; X is other control variables; δ is time non-observed-effect; λ is the region non-observed-effect; and ε is random errors. Following previous studies on CO 2 in Europe and America put forward the "carbon tariff" policy, which showcases the contradiction between trade and the environment. Therefore, the model adds trade openness, which is expressed as the ratio of total import and export of goods and GDP. 3) Proportion of secondary industry (Second): Secondary industry uses a large amount of coal, which leads to an increase in carbon emissions. Thus, secondary industry has a significant impact on carbon emissions, Notes: all models add the time trend variable; the number in bracket of regression coefficient is robust standard error; the number in bracket of AR and Sargan test is prob>z; *, **, *** indicate significance at the 10%, 5%, and 1% levels, respectively.
and therefore the proportion of secondary industry is added to the model. 4) R&D strength (RD): The development of technology can increase the efficiency of energy so that carbon emissions will decrease. Therefore, the model adds R&D strength, which is expressed as the ratio of R&D expenditure to GDP. 5) Urbanization level (Urban): There will be a follow-up of infrastructure construction at the same time when the urbanization level is improved. The construction of infrastructure cannot be done without a large amount of energy consumption. Meanwhile, a great difference exists between the urban and rural population in terms of energy use habits, so the urbanization level has a certain degree of influence on carbon emission intensity. This paper will build a model by selecting the ratio of non-agricultural population to the total population as the urbanization level. 6) Education level (Edu): Education level has a direct impact on energy use habits; thus, education level affects carbon emissions intensity. The average years of schooling of the provincial population is calculated as 6 years for primary school, 3 years for junior high school, 3 years for high school, and 4 years for college or above. The calculation formula is the proportion of primary education population * 6 plus proportion of junior high school education * 9 plus proportion of high school education population * 12 plus proportion of college or the above * 16. As a summary, the descriptive statistics of all variables used in this study are presented in Table 1 .
Because there might be a potential endogeneity problem in Eq. (2) due to the bilateral causality between dependent variable and explanatory variables and there would inevitably be ignored influential factors of CO 2 emissions, the Generalized Method of Moments (GMM) estimator developed by [27] [28] is utilized to address the potential endogeneity problem. Because in Eq. (2) the dynamics are introduced (the first-lag term of dependent variable is used as an explanatory variable) and because the time-invariant cross-sectional factors should be accounted for, the first-difference GMM approach is utilized as the benchmark estimation method since the time-invariant fixed effects could be eliminated by taking the first-order differences of the variables.
Results and Discussion
Basic Estimation Results
The estimation results of Eq. (2) on the basis of the framework of translog production function are shown in Table 2 .
Model (1) simply considers the impacts of energy consumption structure on carbon emissions, where there are no control factors. In addition, models (2-7) add per capita income, trade openness, proportion of secondary industry, R&D strength, urbanization level, and education level as complementary explanatory variables on the basis of Model (1), respectively. According to Table  2 , the increase in per capita income will bring a rise in carbon emissions, and trade openness, the proportion of secondary industry, and urbanization level have the same impact on carbon emissions, while R&D strength and education level can reduce carbon emissions. The results are in line with expectations, and the coefficients of the main control variables are similar, which means that the results are reasonable and robust.
Calculating Input-Output Elasticity and Alternative Elasticity This paper obtains input-output elasticity of coal, oil, and natural gas by deriving C t , O t , and G t , respectively.
Input-output elasticity of coal:
Input-output elasticity of oil:
Input-output elasticity of natural gas:
Then, alternative elasticity of energy can be obtained. Alternative elasticity between coal and oil:
Alternative elasticity between coal and natural gas:
Alternative elasticity between oil and natural gas:
This paper obtained the data reported in Table 3 about energy input-output elasticity and Table 4 about energy alternative elasticity by putting the regression results into the above equations. According to the inputoutput elasticity in Table 3 , it is obvious that the average input-output elasticities of coal, oil, and natural gas are 0.799, 0.216, and 0.155, respectively, and the input-output elasticity of the three types of energy fluctuates around the average. This proves that coal consumption has the most obvious effect on carbon emissions, followed by oil and, finally, natural gas. Additionally, it also proves that change energy consumption structure can decrease carbon emissions. According to the results in Table 4 , the alternative elasticity of coal and oil, and coal and natural gas are basically stable, which stabilizes at approximately 0.992 and 1.386, respectively, while the alternative elasticity of oil and natural gas changes from negative to positive and increases by more than one. Furthermore, the alternative elasticity of coal and natural gas, and oil and natural gas is more than one at last, which proves that these two alternative ways can be implemented. The alternative elasticity of oil and natural gas is less than one, which proves that oil is not a suitable replacement for coal. This phenomenon occurs because the input-output elasticity of coal has decreased, while the input-output elasticity of oil has increased.
Impact of Energy Consumption Structure on Carbon Emissions
According to the definition, the comprehensive coefficient of carbon emissions, δ, has a relationship with energy i that accounts for the total energy shared and the carbon emission coefficient of energy i. It can be expressed as follows: Table 3 . Input-output elasticity of coal, oil, and natural gas. Table 4 . Alternative elasticity of coal, oil, and natural gas.
1%. The usage of energy i is reduced while the amount of energy j is increased, which can meet the energy needs. The alternative elasticity of energy i and energy j is σ ij , and the consumption share of energy j will rise by σ ij %. Thus, we can obtain the change of the coefficient of carbon emissions Δδ, the equation of the total energy consumption change ΔE, and carbon emissions ΔC.
…where I and j are the type of energy, e is energy use, and EF is the carbon emissions of standard coal.
Coal and Oil
Assuming a 1% reduction in the use of coal, the estimation results are depicted in Table 5 below.
Coal and Natural Gas
Assuming a 1% reduction in the use of coal, the estimation results are shown in Table 6 .
Oil and Natural Gas Finally, assuming a 1% reduction in the use of oil, the corresponding estimation results are reported in Table 7 .
From the perspective of the change of the comprehensive coefficient of carbon emissions, "coal and oil" changes from negative to positive, "coal and natural gas" is still negative, and "oil and natural gas" changes from positive to negative. The negative carbon emissions coefficient indicates that this type of substitution is helpful in reducing carbon emissions. The positive carbon emissions coefficient indicates that the alternative will increase carbon emissions. The change of the comprehensive coefficient of carbon emissions of coal and oil changes from negative to positive because the coal reduces its impact on carbon emissions with the technological development. The change of alternative elasticity of oil and natural gas is the reason why the oil and natural gas comprehensive coefficient of carbon Table 6 . Alternative elasticity of coal and natural gas, with a 1% reduction in the use of coal.
emission changes from positive to negative. Although the number is positive or negative, the value of the carbon emissions coefficient remains small. This means that the overall energy consumption structure will not change substantially in a short period. This situation may be due to technical costs, energy storage, current national conditions, and other reasons. First, China's energy development technology is relatively backward in terms of technology and cost. It is difficult to use such clean energies as solar, wind, geothermal, and tidal. Second, where storage is concerned, China's coal reserves are abundant while oil, natural gas, and other resources are less so, and coal resources are relatively cheap compared to other resources. Finally, China's national conditions also determine the higher amount of coal use. At present, heavy industry is still the pillar of China's economic development. Regarding other energy use, the technology is weak, so there will remain much demand for the basic energy of coal. The above reasons suggest that in a short period of time, China's energy consumption structure will experience a significant change. From the total amount of energy consumption change, the three alternative methods have generally reduced total energy consumption. However, the energy consumption change of oil and natural gas was positive after the year 2013. The sharp increase of oil consumption led to this phenomenon. It can be seen from the data that the use of oil or natural gas as a replacement for coal has a similar effect on total energy consumption. Regarding the amount of carbon emissions, using natural gas instead of coal is the only way to reduce carbon emissions. Using oil instead of coal is not a suitable solution for China due to the technology involved. The technology of coal has developed rapidly, which can reduce carbon emissions, while the carbon emissions of oil are still in a state of continuous increase. Moreover, using natural gas instead of oil will increase total energy consumption, which will lead to an increase in carbon emissions.
Therefore, China can use natural gas instead of coal to reduce carbon emissions and improve current environmental problems.
Conclusions
This paper is based on the analysis of the carbon emission intensity and energy consumption structure of 30 provinces in China, and the following conclusions can be drawn: 1) According to the results of input-output elasticity, it can be clearly seen that coal has the most negative impact on the environment. Oil takes second place, and natural gas' carbon emissions are the weakest solution. However, in this case, the three-fossil energy consumption of coal is the largest. This has led to an increase in carbon emissions and makes it more difficult to reduce carbon emissions. 2) According to the results of the alternatives among coal, oil, and natural gas, using natural gas instead of coal is the only way to reduce carbon emissions. However, with the use of technological development, other solutions will be possible. Based on the above conclusions, this paper puts forward the following suggestions: 1) Change the structure of energy consumption, using oil to replace coal. When the most serious impact on the carbon emissions of coal consumption accounted for the largest percentage of total energy consumption reduction, carbon emissions will be reduced. 2) Increase development intensity and improve energy efficiency. To improve energy efficiency and meet energy needs, energy carbon emissions will be reduced. This will reduce total energy consumption and total carbon emissions. Meanwhile, increasing the intensity of development will make the energy to play its prospective effect. On the development of natural gas application technology perspective, this can make the natural gas become a theoretically clean energy.
3) The government introduced policies to regulate the energy consumption structure. The newly revised "Air pollution prevention law" in 2015 required the adjustment of the energy consumption structure and the optimization of the use of coal. The government should also introduce a more detailed policy and establish better structure adjustment objectives of energy consumption so that the energy consumption structure supervision will be successfully implemented. Finally, although this study makes a contribution to the empirics of the relationship between energy mix and CO 2 emissions in China, there are still some limitations in this research. For instance, due to data limit, the impacts of prices of different types of energy on the substitution effects could not be specifically determined. Moreover, the input-output elasticity and alternative elasticity may change when the energy structure has changed sufficiently. Therefore, the threshold effect could be further investigated if the data of a longer time span were available. In this regard, more complex and delicate methods could be used to explore the long-run and realtime nexus of energy mix and CO 2 emissions, which are possible future research directions.
